Dark Matter embodies one of the outstanding enigmas of contemporary physics, for which supersymmetric (SUSY) theories propose a solution in the form of non-baryonic particles, the WIMPs (Weakly Interacting Massive Particles) [1] . WIMPs are predicted to have exceedingly low interaction rates with baryons, which requires a highly efficient background rejection. To this end, the EDELWEISS [2] and the CDMS [3] experiments rely on germanium cryogenic detectors, which provide such an efficient background discrimination, with however limited efficiency for surface interactions [4] . Methods have been devised to identify such surface interactions, based on the use of non-equilibrium phonon sensors [5, 6] .
This letter describes an alternative solution to this problem, which is at the same time simple and flexible. It is based on the coplanar grid technique for event localisation [7, 8, 9] .
Measurements in low background conditions at LSM (Laboratoire Souterrain de Modane) demonstrate the efficiency of these devices to discriminate nuclear recoil events, as expected from WIMP elastic scattering, against both the γ and β backgrounds of the experiment.
Evidence is thus given that detector sensitivities better than 10 −8 pb in the WIMP nucleon cross-sections can be achieved, representing an improvement by more than a factor of 5 over the present limits [3, 10] , and sampling a large part of the SUSY parameter space without appreciable background contamination.
The latest data from the CDMS [3] and the XENON [10] collaborations set upper limits for the WIMP-nucleon cross-sections of about 5×10 −8 pb for a WIMP mass in the range of 20 up to 100 GeV. In germanium detectors, this amounts to a count rate not exceeding 5×10 −3 event/kg/day for deposited energies between 15 keV and 65 keV. For comparison, the average γ rate within the shields of the EDELWEISS II experiment at LSM is about 10 events/kg/day in the same energy range. A γ background rejection better than 1 in 10 4 is therefore needed to achieve a 10 −8 pb sensitivity in WIMP-nucleon interactions. The strategy for γ background discrimination is based on the fact that a nuclear recoil event in germanium has a reduced ionisation yield (typically by about a factor of 3), as compared with an electron recoil triggered by ionising radiation. A highly efficient method for γ background rejection follows, based on the dual measurement of the ionisation charge and the energy deposited in the form of heat in the detector [11] . An additional background remains, however, due to a minute contamination of the detector surfaces and surroundings with 210 Pb [12] . [4] . The resulting pulse height defect entails a confusion between the β background, and the nuclear recoils expected from WIMPs. Initially proposed by the CDMS collaboration [9] , the method we have developed to resolve this issue is essentially a variation of the coplanar grid technique [7, 8] , in which interleaved strips are substituted for the classical disk-shaped collection electrodes. The depth of an event relative to the surfaces can be inferred from a comparison of the ionisation signals on the different strips, making possible a rejection of energy deposits at the detector surfaces [13, 14, 15] . figure) , and ii) the occurrence of low-field areas (< 0.2 V/cm) at some depth below the surface (2 mm typically), surrounding singular points of field cancellation [16] .
We first present the overall performance of the detector with respect to β and γ background rejection. We then analyse more specifically the detector response to energy deposits at the surfaces.
In order to study with high statistics the β background of the experiment, the 200 g detector was fitted with two 210 Pb sources (obtained by Rn implantation in a copper substrate), each facing one of the detector surfaces. Scatter plots of the ionisation yield versus the deposited energy are obtained from the amount of heat evolved by an event, and from the amplitudes of the charge signals induced in the different measurement channels [13, 14] (this includes a correction for the Joule heat produced in the course of charge collection, the Neganov-Luke effect [17, 18] ). The specifications for a 10 −8 pb dark matter experiment are thus met both in terms of the β and γ background rejection capabilities of the detectors.
Further experimental and modelling studies were made to analyze the detector response to energy deposits at the surfaces, using 109 Cd sources (62 and 84 keV electrons and 88 keV photons). Surface events are identified unambiguously from their reduced ionisation yield compared to the more penetrating γs. They are thus found of two different kinds: the vast majority (over 90%, exclusive of those underneath the guards) deliver charges to two measurement channels on the same side of the detector, one of them a veto channel (these are just a special case of energy deposits in region (3), fig. 1 ). The remaining fraction shows charge sharing between three channels, one of them a veto again. The proportion of events in both categories scales approximately as the relative areas in-between and underneath the b and d electrodes (with a ratio of 20 to 1 in the geometry of Fig. 1 ), which strongly suggests that 3-channel events are associated to energy deposits across these electrodes.
To help understand these features of the detector signals, ionisation pulses were digitized using a wide-band electronics, and compared to those obtained from a computer modelling of the charge collection [19] . The model includes as salient features i) the carrier Coulomb interactions, an essential factor to account for cloud expansion and charge sharing between different measurement channels [20] , ii) hot carrier effects in diffusion and drift at cryogenic temperatures [21, 22] and iii) a simple prescription for carrier trapping and recombination at the surfaces, namely that any carrier drifted onto a free surface (resp., a metal electrode) becomes trapped (resp., recombines with a carrier of the opposite sign). Based on this model, computer simulation provides the precise time structure of the ionization signals for the charge sharing events. Figure 3 fig. 3 (c) ) gives insight into the physical effects involved in surface event discrimination.
The dominant feature is cloud expansion, which causes the carriers to scatter away from the field line passing through the point of energy deposition. The scatter is further enhanced due to the inhomogeneity of the field underneath the electrodes ( fig. 1 (b) ), so that a fraction of the carriers is collected at a veto electrode. A similar argument applies to the energy deposits within the low-field areas ( fig. 1 (b) ), as the cloud expansion is instrumental here again in driving a fraction of the collected charges towards a veto channel, which permits to reject this category of events as well [14] .
Besides proving highly effective for both β and γ background rejection, major assets of 
